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DESCRIPTION 

COUNTERCURRENT HEAT EXCHANGER 

5 [TECHNICAL FIELD] 
[0001] 

The present invention relates to a countercurrent heat exchanger, in which a 
pair of heat exchanger cores are arranged next to each other in their depth 
directions and coolant can flow from one of the heat exchanger cores to the 
10 other of the heat exchanger cores, turning around in an intermediate tank 
connected with them. 

2. Description of the Related Art 
[0002] 

15 A conventional countercurrent heat exchanger of this kind is disclosed in 
Japanese Patent AppUcation Laid-open No. Tokkai 2002 - 393498. This 
countercurrent heat exchanger includes a pair of heat exchanger cores each 
having multiple tubes and fins arranged altemately and next to each other in its 
depth direction, an inflow-side tank connected with one end sides of the tubes 

20 contained in one of the heat exchanger cores, an outflow-side tank connected 
with one end sides of the tubes contained in the other of the heat exchanger 
cores, and a U-tum intermediate tank connected with the other end sides of the 
tubes for turning around coolant. The inflow-side tank and the outflow-side 
tank are integrally formed with each other, being separated by a separation 

25 wall between them to split off their coolant passages. 



9k 



[0003] 

However, the above-described countercurrent heat exchanger has the following 
problems, because he inflow-side tank and the outflow-side tank are 
constructed integrally with each other so that they are separated by only the 
5 separation wall provided between them. 

[0004] 

In a construction where the inflow-side tank and the outflow-side tank are 
integrally formed with each other, large thermal stress applies to the tubes, the 

10 inflow-side tank, the outflow-side tank and others, and might causes a strain, a 
crack, destruction and/or the like due to a thermal expansion difference caused 
between the both heat exchanger cores, since a thermal difference becomes 
large, approximately 40°C, between the coolant flowing in an inflow-side tank 
connected portion of the heat exchanger core and the coolant flowing in an 

15 outflow-side tank connected portion of the heat exchanger core. 

[0005] 

Further, high temperature coolant flowing in the inflow-side tank transfers its 
heat to the coolant flowing in the outflow-side tank through the separation wall 
20 to heat it up, since the inflow-side tank and the outflow-side tank are separated 
by only one separation wall. This decreases heat transfer eflEiciency of the heat 
exchanger cores. 

[PATENT REFERENCE 1] Japanese Patent Application Laid-open No. 
Tokkai 2002 - 393498 
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[PROBLEM(S) TO BE SOLVED BY THE INVENTION] 
[0006] 

An object of the present invention is to provide a countercurrent heat 
exchanger that can avoid occurrence of a strain, a crack, destruction and the 
5 like in any part of the countercurrent heat exchanger due to heat stress caused 
by a temperature difference between coolants flowing in heat exchanger cores 
and also increase its heat transfer efficiency. 

[0007] 

10 In order to accomplish the object, a countercurrent heat exchanger of the 
present invention is constructed so that it comprises a pair of heat exchanger 
cores having multiple tubes and fins which are arranged altematively, the heat 
changer cores being arranged next to each other in depth directions thereof a 
U-tum intermediate tank connected with one end sides of the tubes contained 

15 in the heat exchanger cores; an inflow-side tank connected with the other end 
sides of the tubes contained in one of the heat exchanger cores; and an 
outflow-side tank formed to be separated fi-om the inflow-side tank, the 
outflow-side tank being connected with the other end sides of the tubes 
contained in the other of the heat exchanger cores, wherein the inflow-side 

20 tank, the outflow-side tank and the intermediate tank are attached to a vehicle 
body side so that the both heat exchanger cores can expand and contract 
independently fi-om each other with respect to the intermediate tank. 

[EFFECTS OF THE INVENTION] 
25 [0008] 

In the countercurrent heat exchanger of the present invention, it provides an 
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effect on avoiding a strain, a crack, destruction and the like in its parts due to 
thermal stress caused by a temperature difference between the coolants flowing 
in the both heat exchanger cores, since the inflow-side tank, the outflow-side 
tank and the intermediate tank are attached rotatably to the vehicle body 
5 member so that the heat exchanger cores can expand and contract 
independently from each other with respect to the intermediate tank. 

[0009] 

In addition, the countercurrent heat exchanger of the present invention provides 
10 another effect on increasing the heat transfer eflSciency, because it is 
constructed to have the inflow-side tank and the outflow-side tank which are 
formed separately from each other, so that heat of the coolant is prevented 
from being transferred from the inflow-side tank to the outflow-side tank. 

1 5 [BRIEF DESCRIPTION OF THE DRAWINGS] 
[0010] 

FIG. 1 is a partially-sectional front view showing a countercurrent heat 
exchanger of an embodiment according to the present invention; 

20 FIG. 2 is a perspective view showing the countercurrent heat exchanger of the 
embodiment shown in FIG. 1 ; 

FIG. 3 is an enlarged plan view showing the countercurrent heat exchanger of 
the embodiment shown in FIG. 1; 

25 

FIG. 4 is an enlarged and partially-sectional side view showing the 



5 

coimtercurrent heat exchanger of the embodiment shown in FIG. 1 ; and 

FIG. 5 is an enlarged fragmentary perspective view showing a modified 
peripheral portion of a bracket of the coimtercurrent heat exchanger shown in 
5 FIG. 1. 

[DESCRIPTION OF REFERENCE NUMBER] 
[0011] 

RA radiator with engine coolant (a first radiator) 

10 RB radiator with electric system coolant (a second radiator) 

1 inflow-side heat exchanger core 

11 tubes 

12 fins 

2 outflow-side heat exchanger core 
15 21 tubes 

22 fins 

3 U-tum intermediate tank 

3 a intermediate tank for the first radiator 
3b intermediate tank for the second radiator 

20 31 drainpipe 

32 drain pipe 

4 inflow-side tank 

4a inflow-side tank for the first radiator 

4b inflow-side tank for the second radiator 

25 41 inflow pipe 

42 inflow pipe 



43 air-bleeding pipe 

5 outflow-side tank 

5a outflow-side tank for the first radiator 

5b outflow-side tank for the second radiator 

5 51 outflow pipe 

52 outflow pipe 

53 air-bleeding pipe 

6 bracket 

6a heat-exchanger-side attachment portion 

10 6b vehicle-body-side attachment portion 

6c bolt hole 

6d welded nut 

61 bolt 

7 rubber bush (an elastically supporting member) 

15 8 radiator core support (a vehicle-body-side member) 

8a elongate hole 

[BEST MODE FOR CARRYING-OUT OF THE INVENTION] 
[0012] 

20 Hereinafter, an embodiment of the present invention will be described with 
reference to the accompanying drawings: 

[EMBODIMENT] 

[0013] 

25 FIG. 1 is a partially-sectional front view showing a countercurrent heat 
exchanger of the embodiment, FIG. 2 is a perspective view of the same, FIG. 3 
is an enlarged plan view of the same, and FIG, 4 is an enlarged side view of 



the same. 

The coimtercurrent heat exchanger of the embodiment includes an inflow-side 
heat exchanger core 1, an outflow-side heat exchanger core 2, a U-tura 
intermediate tank 3 connecting between the both heat exchanger cores 1 and 2, 
5 an inflow-side tank 4 connected with the inflow-side heat exchanger core 1, an 
outflow-side tank 5 connected with the outflow-side heat exchanger core 2, a 
bracket 6 for supporting the heat exchanger to a vehicle-body-side, and a 
rubber bush 7 for supporting the intermediate tank 3 to the vehicle-body-side. 
Incidentally, the rubber bush 7 corresponds to an elastically supporting 
10 member of the present invention. 

[0014] 

The construction of the above-described countercurrent heat exchanger will be 
described in detail. The inflow-side heat exchanger core 1 and the outflow- 

15 side heat exchanger core 2 are constructed to have multiple tubes 1 1 and 21 in 
which the coolant flows and fins 12 and 22 which cools the coolant, being 
arranged altematively in their lateral directions and the tubes being connected 
with one another. These both heat exchanger cores 1 and 2 are mounted on the 
vehicle body in a state in which they are disposed next to each other in their 

20 depth directions. 

[0015] 

The both heat exchanger cores 1 and 2 are connected at lower end sides of the 
tubes 11 and 21 with the U-tum intermediate tank 3, respectively, and also 
25 connected at upper end sides of the tubes 1 1 and 21 with the inflow-side tank 4 
and the outflow-side tank 5, which are separated from each other, respectively. 



[0016] 

Two brackets 6 and 6 are used for attaching the inflow-side tank 4 and the 
outflow-side tank 5 to the radiator core support 8, and prepared for the both 
5 end portions in their longitudinal directions of the inflow-side tank 4 and the 
outflow-side tank 5. Incidentally, the radiator core support 8 corresponds to a 
vehicle body member of the present invention. 

[0017] 

10 Specifically, these brackets 6 have heat-exchanger-side attachment portions 6a, 
which are attached to the both longitudinally directional end portions of the 
inflow-side tank 4 and the outflow-side tank 5 by bolts 61 and 61, respectively, 
so that the tanks 4 and 5 are rotatable around the center of the bolts 61 and 61 . 
In addition, vehicle-body-side attachment portions 6b and 6b are formed to be 

15 bent, in a substantially horizontal direction and in a state where they extend 
toward each other, from the vertical heat-exchanger-side attachment portions 
6a and 6a, respectively. They are also formed with bolt holes 6c and 6c for 
fixing them to a vehicle body side and provided with welded nuts 6d and 6d 
welded in advance on their under surface sides in accordance with the bolt 

20 holes 6c and 6c. Bolts 62 and 62 are inserted from a radiator core support 8 
side and screwed into the welded nuts 6d and 6d through bushes, so that they 
fix the inflow-side tank 4 and the outflow-side tank 5 to the radiator core 
support 8 side. 



25 [0018] 

On the other hand, the U-tum intermediate tank 3 is elastically supported on 



the radiator core support 8 throu^ the plural rubber bushes 7 and 7, which are 
located on a lower portion of the U-tum intermediate tank 3. 

[0019] 

5 Each inner portion of the inflow-side tank 4, the outflow-side tank 5 and the U- 
tum intermediate tank 3 is separated at a middle position in its longitudinal 
direction, and thereby producing a structure combining a first radiator RA with 
large capacity and a second radiator RB with small capacity integrally in their 
lateral directions. 

10 

[0020] 

First radiator RA side portions of the inflow-side tank 4a and the outflow-side 
tank 5 a are connected with an inflow pipe 41 and an outflow pipe 51, 
respectively. Similarly, second radiator RB side portions of the inflow-side 
15 tank 4a and the outflow-side tank 5a are connected with an inflow pipe 42 and 
an outflow pipe 52, respectively. Incidentally, the inflow-side tanks 4a and 4b 
are provided with air-bleeding pipes 43 and 53, respectively, and the 
intermediate tanks 3a and 3b are provided with drain pipes 31 and 32, 
respectively. 

20 

[0021] 

In normal vehicles with an combustion engine, the first radiator RA with large 
capacity can be used for cooling engine coolant, and the second radiator RB 
with small capacity can be used for cooling electric system coolant. In case of 
25 a Fuel-Cell powered vehicle (FCV) using a Fan Coil Unit (FCU), the first 
radiator RA with large capacity can be used for cooling heater circuits of an air 
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conditioner, fiiel-cell stacks and others, and the second radiator RB with small 
capacity can be used for cooliag an inverter, an electric motor, other circuits 
and the like provided in the Fuel-Cell powered vehicle (FCV) using Long Life 
Coolant (LLC). 

5 

[0022] 

Next, the operation and effects of the countercurrent heat exchanger of the 
embodiment will be described. 

In the countercurrent heat exchanger constructed above, high-temperature 
10 coolants flowing through the inflow pipes 41 and 42 into the inner portions of 
the inflow-side tanks 4a and 4b, respectively, are cooled off in the first radiator 
RA and the second radiator RB while they flow in the tubes 1 1 and 1 1 of the 
inflow-side heat exchanger cores 1 and 1 . Then, the coolants flow into the U- 
tum intermediate tanks 3a and 3b, from which the coolants flow into the 
15 outflow-side tanks 5a and 5b, being more cooled while they flow in the tubes 
21 and 21 of the outflow-side heat exchanger cores 2 and 2, respectively. 
Then, they flow out of the outflow pipes 51 and 52. 

[0023] 

20 A thermal expansion difference between the inflow-side heat exchanger cores 
1 and 1 and the outflow-side heat core 2 and 2 becomes large, because the 
temperature difference at the first radiator RA side becomes fairly high, 
approximately 40°C between the coolant flowing the inflow-side heat 
exchanger cores 1 and 1 connected with the inflow-side tanks 4a and 4a and 

25 the coolant flowing in the outflow-side heat exchanger cores 2 and 2 connected 
with the outflow-side tanks 5a and 5b, and that at the second radiator RB side 



becomes approximately 20°C. However, in the cornitercurrent heat exchanger 
of the embodiment, the inflow-side tank 4 and the outflow-side tank 5 are 
formed so that they are separated from each other, and the inflow-side tank 4 
and the outflow-side tank 5 are supported at its both longitudinally-directional 
5 end portions so that they are rotatable around the bolts 61 and 61 by each using 
one bolt 61,61 and the bracket 6, 6 in order to attach them to the radiator core 
support 8, the vehicle body side. This allows the brackets 6 and 6 to be rotated 
relatively to each other at the bolts 61 and 61 with respect to the inflow-side 
tanks 4a and 4b and the outflow-side tanks 5a and 5b, when the inflow-side 

10 heat exchanger core 1 and the outflow-side heat exchanger core 2 expand and 
contract in a vertical direction with respect to the U-tum intermediate tank 3 
due to a temperature change, thereby causing an expansion and contraction 
difference between the both heat exchanger cores 1 and 2 due to their 
temperature difference. By this rotation, the expansion and contraction 

15 difference can be absorbed. 

[0024] 

Further, the expansion and contraction in the vertical direction of the inflow- 
side heat exchanger core 1 and the outflow-side heat exchanger core 2 can be 
20 absorbed by using elasticity of the rubber bushes 7, since the U-tum 
intermediate tank 3 is constructed so that it is elastically supported by the 
radiator core support 8 through a plurality of rubber bushes 7 and 7. 
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[0025] 

Therefore, the countercurrent heat exchanger of the embodiment can provide 
an effect of preventing occurrence of the strain, the crack, the destruction and 
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the like in any portion thereof due to thermal stress caused by the temperature 
difference between the coolant flowing in the inflow-side heat exchanger core 
1 and the coolant flowing in the outflow-side heat exchanger core 2. 

5 [0026] 

Further, heat in the coolant flowing in the inflow-side tank 4 can be prevented 
from its direct transfer to the outflow-side tank 5 and heating the coolant in the 
outflow side, because the inflow-side tank 4 and the outflow-side tank 5 are 
separated from each other. Accordingly, an effect on improving the heat 
10 transfer efficiency of the countercurrent heat exchanger can be obtained. 

[0027] 

The coirugated fin feeding apparatus of the embodiment according to the 
present invention has been described above, but the specific structure of the 
15 present invention is not limited to this embodiment. The present invention 
includes any change of design in the range not departing from the gist of the 
invention. 

[0028] 

20 For, example, each of the brackets 6 and 6 is attached by one bolt 61, 61 
rotatably around the bolts 61 and 61 in the above-described embodiment, but 
as shown in FIG.. 5, a bolt through-hole at the bracket 6 side may be formed to 
be an elongate hole 8a, so that the inflow-side tanks 4a and 4b and the outflow- 
side tanks 5 a and 5b can independently slide relative to the brackets 6. 

25 Incidentally, the bolts 61 and 61 and the brackets 6 and 6 may be used so that 
ones of them are attached to the inflow-side tanks 4a and 4b and the outflow- 
side tanks 5a and 5b and the others are attached to the vehicle body side. 
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[0029] 

Further, although the inflow-side tank 4 and the outflow-side tank 5 are 
attached together to one bracket 6 in the embodiment, the they may be attached 
5 to independent brackets, respectively. 

[0030] 

Further, although the rubber bushes. 7 are used as an elastically supporting 
member for elastically supporting the U-tum intermediate tank 3 side in the 
10 above-described embodiment, they may be replaced by a leaf spring, a coil 
spring and the like. 

[0031] 

Further, in the above-described embodiment, a construction is taken up as an 
15 example, in which the first radiator RA with large capacity and the second 
radiator RB with small capacity are formed integrally in their lateral directions 
with each other by separation of each inner portions of the inflow-side tank 4, 
the outflow-side tank 5 and the U-tum immediate tank 3 at the middle position 
in their longitudinal directions. But, they may be constructed and used as one 
20 entire radiator without the separation like this. 

[INDUSTRIAL APPLICABILITY] 
[0032] 

The countercurrent heat exchanger according to the present invention can be 
25 available to a heat exchanger for a motor vehicle and others such that it has a 
pair of heat exchangers arranged next to each other. 



